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ABSENCE OF MASS RENORMALISATION IN SUPERSYMMETRIC QED 
IN TWO AND THREE DIMENSIONS 
M. DE ROO and J.J. STERINGA 
Institute for Theoretical Physics, P.O. Box 800, 9700 A V Groningen, The Netherlands 
Received 6 June 1988 
We show that here is no mass renormalisation t  one-loop order in supersymmetric QED in d= 2 and d= 3, if the value of the 
bare gauge multiplet mass equals twice that of the matter multiplet. We discuss the possible origin of this effect. 
A striking feature of certain supersymmetric f eld theories in four dimensions is the absence of quantum 
corrections to parameters of the theory, such as particle masses. Indeed, this property is the reason behind most 
of the applications of supersymmetry in unification models. In four dimensions this phenomenon of perturba- 
tive non-renormalisation is well understood [ 1 ]. Non-renormalisation theorems do not hold for N= 1 super- 
symmetric models in two and three dimensions. In this letter we point out that for a special choice of the bare 
mass parameters mass renormalisation is nevertheless absent, at least to one-loop order, in massive supersym- 
metric quantumelectrodynamics (SQED) in d= 2 and d= 3. 
In this letter we will concentrate on SQED3. As is well known, in ordinary QED3 it is possible to have, besides 
the mass of the charged matter fields, m, a gauge invariant mass for the photon,/z [2,3 ]. (This mass term can 
be generalized to the non-abelian case, where it takes the form of a Chern-Simons term. In this letter we will 
limit ourselves to abelian gauge theories. ) Both mass terms allow a supersymmetric extension. The absence of 
mass renormalisation ccurs for the special choice/~ = -2m.  
SQED3 can be conveniently described by a Majorana superfield V,~(x, 0), which contains as physcial fields 
the photon Au and a Majorana spinor 2, and by a complex scalar superfield q~(x, 0), with charged physical spin- 
0 and spin-½ fields. The action 
S= j d3x d20 [ lV~*Vq~+ ½mq~*~+ ¼17"~ ( - /z)  V], ( 1 ) 
where we have introduced the gauge covariant derivative 
0 
V,~=D,~+ieV,~q~,  D, -  00~ (~0)~. (2) 
Infinitesimal local gauge transformations are of the form 6q)= -ieAq~, 8 V= DA, where A (x, 0) is a real scalar 
superfield. In ( 1 ) we have chosen a generalisation fthe Feynman gauge. The general form of the V kinetic term 
reads in an arbitrary covariant gauge with gauge parameters a and a': 
l~ ( FF -  21~ ITF- af) VODf)  V + 2a' uD VD V) , (3) 
where F,_= I)aD,~ Va is the gauge invariant field strength. Note that F satisfies the Bianchi identity 13F= 0. The 
choice a = a' = 1 leads, after some straightforward algebra, to the kinetic term in ( 1 ). 
The superspace Feynman rules can be derived from ( 1 ) and (3). In a general covariant gauge the bare super- 
propagator of the gauge multiplet akes on the form 
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i ( i~:+# [IS)D(k, 0,)+2i~16,2C-' d.p(k; 0,, 02) = ~ kk2(k2+#2) 
ial~ + a' # ) 
- k 2 ( ~ # 2  ) [ISD(k, 0,)-2iI~]6,2C -1 (4) 
ap 
(6~2 is the 6-function for the Grassmann-variables 01 and 02), while the bare matter propagator is
A(p;O~, 02)=i [I)D(p, G)+ 2m]612 
p2q_m2 (5) 
The three- and four-point interaction vertices are 
F~ 3) (p, p -k ;  0, , 02, 03) = - ~ ie[ 6,3D,~(p, 01)6,2 -6,2f)~,( k -p ,  O, )613], (6) 
F~4~ (p, k; p', k' ; G, Oz, 03, 04) = ½e26,26136,4C,~a . (7) 
The quantum corrections to the two-point functions can most easily be expressed in terms of corrections to the 
inverse propagators. From (4) and ( 5 ) we find that in lowest order they take the form 
F~ (k; 0,, 02) = ~{C[I3D(k, 0, ) + 2i/¢]6~2 (i/~- p) 
- C[I7)D (k, 01 ) -2i~]6t2(ia~-a'#)},~a, (8) 
F (2) (p; 0,, 02) = - ¼ [I)D (p, 0, ) - 2m]6,2. (9) 
We have calculated the one-loop quantum corrections to (8) and (9), using standard supergraph techniques 
[ 4 ]. The resulting vacuum polarisation, the order-e 2correction to the inverse gauge superpropagator, reads 
H,p(k; G, 02) = [ie2{C[I3D(k, G) +2i~]6~2(i~+2m)},~fl(k z, m 2, m2),  (10) 
where the function I is the usual one-loop integral 
I(p 2, m~, m~)= 
d3q 1 
(2n) 3 [ (p_q)Z + mZ] ( q2 + mZ2 ) . (11) 
In the Feynman gauge the one-loop matter self-energy, the order-e 2correction to the inverse matter propagator, 
is 
2J(p; 0,, 02) = ¼ie 2 [ I7)D (p, 0, ) + 2(m+ #) ]612I(p 2, m 2, #2).  (12) 
Note that in (10) only the gauge invariant part of the gauge propagator is affected by quantum corrections. 
Clearly, for ~t = -2m the vacuum polarisation has the same structure as the bare inverse propagator, up to the 
wavefunction renormalisation. From (12) we see that the same holds for the inverse matter propagator. Thus 
the choice #=-2m implies that there is no one-loop correction to the value of the mass parameters of the 
theory. In the remainder of this letter we will elaborate on this statement. Note that the result requires upersym- 
metry: in ordinary massive QED3 there is a one-loop correction to both masses for any non-zero value of the 
bare parameters [ 5 ]. On the other hand, it has been shown in ref. [ 6 ] that in a quite general class of abelian 
gauge theories in d= 3, which includes SQED3, the mass of the photon, #, is not affected by higher ( > 1 loop) 
order quantum corrections. Therefore for # = - 2m the photon mass in SQED3, and by supersymmetry he mass 
of the whole vector multiplet, is not renormalised atall. 
The action of SQED2 [ 7 ] in the Feynman gauge takes on the same form as ( 1 ), but the gauge transformations 
now contain 75 = 707,: 8q~= - ieA~,  8 V= 75DA. This means that the covariant derivative (2) also contains ~'5. 
Except for this modification, the perturbative calculation proceeds in exactly the same way as in three dimen- 
sions, with the result hat now the absence of mass renormalisation holds for # = 2m. The two-dimensional case 
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was treated in more detail in ref. [ 8 ]. There we found that also in a non-perturbative approach the choice/z= 2m 
leads to considerable simplif ication of  the full propagators. 
We have checked explicitly that the absence of  mass renormalisation holds in arbitrary covariant gauges. We 
have also verified that in the Wess-Zumino gauge a component calculation of  Feynman diagrams leads to the 
same one-loop result for the masses. 
Our result can be trivially extended to the case where the gauge multiplet is coupled to an arbitrary number N 
of  scalar multiplets, all with mass m. The only modif ication is that in (10) the vacuum polarisation should be 
mult ipl ied by a factor N, which affects only the wavefunction renormalisation constant of the gauge multiplet. 
At the level of  the action (1),  the cho ice / l=  -2rn  does not appear to give rise to any new symmetries. In 
particular, there is no addit ional supersymmetry connecting the gauge and matter multiplets, since this would 
imply that their masses are equal. Note, that for / t  = - 2m the threshold for producing part ic le-antipart ic le pairs 
coincides with the pole at k2=/~2 in the gauge propagator. This suggests that an explanation of our result might 
require a description of  these models in terms of  bound states. 
In this letter we have not considered higher order corrections to the matter propagator. The gauge multiplet 
mass is, in higher orders, protected by gauge invariance [ 6 ]. It would be interesting to see, i f  fo r / t= - 2m, higher 
order corrections to the mass of the matter multiplet also vanish. Furthermore, it is important o establish 
whether or not our result extends to the non-abelian analogues of  the models considered here. 
This research is supported by the Stichting voor Fundamental  Onderzoek der Materie (FOM) .  
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